SUMMARY
In this study of low birth weight infants (. 2500 g), we compared the birth weight distribution of patients with patent ductus arteriosus associated with prematurity with that of patients having congenital heart disease other than patent ductus arteriosus. Among 1436 low birth weight infants 37 infants had congenital heart disease other than patent ductus arteriosus and 198 had isolated ductus arteriosus. Infants with congenital heart disease had a mean birth weight of 2018 grams (standard deviation = 370 g) which was significantly greater than that of infants with patent ductus arteriosus. Four of the 37 infants with congenital heart disease other than ductus arteriosus were among 1150 low birth weight infants born in this institution, an incidence of 3.5/1000 live low birth weight infants. Seventy-eight of the 198 infants with patent ductus arteriosus were among 1150 low birth weight infants born in this institution, an incidence of 70/1000 live low birth weight infants.
Twenty-one of the 37 infants with congenital heart disease were of appropriate weight for gestational age and 16 were small for gestational age.
CLINICALLY IMPORTANT patent ductus arteriosus is a common occurrence in low birth weight infants (: 2500 g).`-The patency of the ductus arteriosus in these infants is presumably a consequence of immaturity rather than an embryologic abnormality.10 The ductus arteriosus likely would have closed had the infant completed gestation and survived the newborn period. While congenital heart disease is more common in full term infants, it does occur in low birth weight infants. Since the trend in our institution is to treat infants with patent ductus arteriosus associated with prematurity without performing cardiac catheterization or cineangiocardiography, we have undertaken this study to define the relative occurrence of patent ductus arteriosus and congenital heart disease in low birth weight infants and to determine what, if any, differences there were between the two groups.
Materials
During the 8½/2 year period from July 1, 1966, to December 31, 1974, there were 1436 low birth weight infants (: 2500 g) admitted to the Newborn Intensive Care Unit at the University of California. Thirty-seven of these 1436 had congenital heart disease other than patent ductus arteriosus and underwent cardiac catheterization and angiography because of congestive heart failure or cyanosis.
During the same period the clinical diagnosis of patent ductus arteriosus was made in 198 of the low birth weight infants.
The criteria for catheterization were: 1) medically refractory congestive heart failure; 2) worsening of pulmonary status (e.g., carbon dioxide retention) in patients recovering from idiopathic respiratory distress syndrome; 3) idiopathic respiratory distress syndrome requiring unusually prolonged respiratory support in which the role of the patent ductus arteriosus was unclear; and, 4) doubt concerning the diagnosis. Prior to 1970, aortic angiography was performed in all ten infants referred for surgical ligation of the ductus arteriosus. In patients with patent ductus arteriosus, the study was often limited to passing an umbilical arterial catheter" through the ductus arteriosus, obtaining pulmonary arterial and aortic pressures and blood oxygen saturations, and performing a descending thoracic aortogram. During the past four years, we have not routinely catheterized patients with clinical evidence of large left-toright ductus shunts, and during the past 21/2 years have assessed shunt magnitude by echocardiography.'2 The majority, 87% of infants, did not undergo cardiac catheterization and in these the diagnosis and evaluation of patent ductus arteriosus was made on the basis of physical findings and echocardiography with additional evidence from either spontaneous closure or results of surgical ligation.
Patients with cardiac abnormalities secondary to metabolic derangements, arrhythmias, or persistent pulmonary hypertension were excluded from the study as were infants with congenital heart disease not severe enough to require catheterization during the neonatal period.
Results
The birth weight, gestational age, age at catheterization, cardiac diagnosis and associated conditions in each of the 37 patients with congenital heart disease other than patent ductus arteriosus are listed in table 1. The spectrum of lesions was similar to that found in infants with birth weights greater than 2500 Circulation, Volume 52, September 1975 Abbreviations: VSD = ventricular septal defect; ASD = atrial septal defect; PDA = patent ductus arteriosus; d-TGA = dextrotransposition of the great arteries; TAPVC = total anomalous pulmonary venous connection; DORV = double outlet right ventricle; wt = weight; gest = gestational; cath = catherization. grams presenting with cardiorespiratory distress in the neonatal period. There was a large number of infants with ventricular septal defects (13 of 37), four with associated atrial septal defects and five, isolated. The high incidence of ventricular septal defects is similar to that previously reported.'3'-1 Twenty-two patients had congestive heart failure and 15 had cyanosis.
The relation of weight to gestational age of each infant was assessed using the data of Usher'6 and Williams.17 Twenty-one of the 37 infants with congenital heart disease were of appropriate weight for gestational age; 16 were small for gestational age, and four of these were also preterm. The presence and Circulation, Volume 52, September 1975 type of cardiac anomalies were similar in both groups. Multiple extracardiac congenital anomalies occurred equally in both groups.
Infants with congenital heart disease had larger birth weights (mean = 2018 g, SD = 318 g) than those with patent ductus arteriosus (mean = 1370 g, SD = 370 g) (P < 0.001 by unpaired t-test) ( fig. 1 ). The distribution curves showed little overlap below 1500 grams and no overlap below 1300 grams. Of the 198 infants with patent ductus arteriosus ( fig. 2 
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Birth Weight (gms) Figure 1 Birth weights of 198 low birth weight infants (! 2500 g) with patent ductus arteriosus and 37 low birth weight infants with congenital heart disease. Each bar represents a 100 gram birth weight group. gical treatment for patent ductus arteriosus were distributed throughout the weight range, the histogram in figure 2 shows them to be more common in the lower weights. Consequently, if one compares the birth weights of infants with patent ductus arteriosus who required medical and/or surgical management with the birth weights of the congenital heart disease group, there is even less overlap.
Multiple congenital anomalies and syndromes were common in the congenital heart disease group (32%) but rare in the patent ductus arteriosus group (0.05%). Three of the infants with congenital heart disease had normal twins and in each case the affected twin was smaller (table 1) . The reason for this disparity is not known. During the 81/2 year period there were 1150 infants 5 2500 grams born in this institution, not all of whom required intensive care. Among these, four infants had congenital heart disease requiring cardiac catheterization in the neonatal period, an incidence of 3.5/1000 live, low birth weight infants. The incidence of infants 5 2500 grams born in this institution and having patent ductus arteriosus was 70/1000 live, low birth weight infants (78/1150).
Discussion
During recent years, we have increasingly relied on clinical evaluation and noninvasive techniques for assessing the role of patent ductus arteriosus in producing cardiorespiratory distress in low birth weight infants. Since the approach to management of infants with other forms of congenital heart disease differs from that of infants with patent ductus arteriosus, we have reviewed our experience with cardiac lesions in low birth weight infants. The number of infants with congenital heart disease is only 1/5 of those with patent ductus arteriosus; however, this ratio may reflect selection in the process of referral as well as comparing patients with congenital heart disease who required cardiac catheterization with all patients 5 2500 grams with patent ductus arteriosus. Nevertheless, there are some differences between the two groups, the most notable being the distribution of birth weights. Although the high incidence of patent ductus arteriosus in the lower weight infants is to be expected,10 the absence of congenital heart disease in infants below 1300 grams was unexpected. It may be the result of considerably fewer births in the very low birth weight range, and/or the large number of small stillbirths with congenital heart disease. '4 The incidence of all forms of congenital heart disease including ductus arteriosus of all severities has been reported as approximately 8-10/1000 live births.' 5 18,19 The incidence of congenital heart disease (other than patent ductus arteriosus) requiring catheterization in low birth weight infants born in this institution was 3.5/1000. If one considers that 50% to 60% of patients with congenital heart disease have anomalies with mild hemodynamic disturbances that are not detected until much later,20 the total incidence in low birth weight infants in our series is probably similar to the reported incidence of congenital heart disease in infants with birth weights > 2500 grams. There is an increased incidence of congenital heart disease in infants of diabetic mothers.2' These infants Circulation, Volume 52, September 1975 1 ri 1 1 11 1 1 1 1 11 11 I a] I 1 MEW 502 y ol 1 may be preterm but large for gestational age and therefore would have been excluded from this study.
Of the infants with congenital heart disease in this study, several had ventricular septal defects. Since ventricular septal defects tend to decrease spontaneously in size and close both during late gestation and postnatally,13 it is possible that some of the defects would not have been present had the infants completed gestation.
Although the number of low birth weight infants with patent ductus arteriosus has increased during the past three years, the percentages requiring medical (27%) or surgical (32%) intervention are similar to those originally reported from this institution. 5 Our current approach to diagnosis and management of low birth weight infants with cardiac problems is as follows. If an infant has unequivocal physical findings of patent ductus arteriosus, and the chest roentgenographic, electrocardiographic, and echocardiographic features are compatible with a large left-to-right ductus shunt, then we do not obtain verification by cardiac catheterization and/or angiocardiography. Catheterization is performed if any of the features are unusual for patent ductus arteriosus, if there is doubt concerning the diagnosis, if the contribution of the ductus to the cardiorespiratory failure is uncertain, or if the infant has some other form of congenital heart disease requiring catheterization.22 Based on the experience presented in this study, we now feel more confident when making the clinical diagnosis of patent ductus arteriosus in infants less than 1300 grams and managing them without cardiac catheterization. All the low birth weight infants referred for surgical ligation of a patent ductus arteriosus have had that diagnosis confirmed at surgery.
